Citrus fruit yield is considered a short-term response to the citrus nematode, Tylenchulus semipenetrans damage and therefore this study addressed parameters measuring overall appearance of the sampled trees. Soil and roots from 20 trees in each of three mature: 'banzaheer' lemon, 'Baladi' mandarin, and 'Navel' orange and one immature: 'Navel' orange orchards, all grafted on sour orange rootstock, in Egypt were sampled for the citrus nematode, T. semipenetrans, in February 2011 to investigate their correlations with tree parameters (tree height and vigor, canopy diameter, and trunk circumference) that reflect long-term nematode damage of the sampled trees. The correlation between pairs of these four parameters were always positive and generally with high significant levels. Each of the four parameters was not significantly correlated with fruit yield of the mature trees but each of tree height and vigor, and canopy diameter was correlated with fruit yield of the immature Navel orange. The relationships between pairs of these biotic parameters and T. semipenetrans population density in fibrous roots and soil were not consistent. Eleven edaphic factors in mandarin and mature orange orchards were measured and compared. Both soils were dominated by rough grainy particles of sand. Levels of potassium, calcium, phosphorus, ammonium and nitrate as well as soil solution pH, organic matter content and electric conductivity in the soil samples were significantly (P ≤ 0.01) different between the mandarin and orange orchards. To achieve better economic revenue of citriculture, local tackling of T. semipenetrans problem in newly reclaimed areas of Egypt was discussed.
Introduction
Egypt has an outstanding position as a citrus producer country due to its high crop size and quality, early fruiting season, low production costs, and closeness of exportation markets (Sherif, 2006) . Therefore, the socioeconomic importance of citrus in Egypt is apparent based on considerable local consumption of citrus as fresh fruit and juice as well as huge exportation. Citriculture alleviates the striking problem of unemployment since it absorbs a lot of labor and also many orchardsowning families join to work due to the frequently small orchard size in Egypt and labor-intensive nature of citriculture. So, there is a continuous expansion in citriculture to newly reclaimed areas of Egypt (Sherif, 2006; Anonymous, 2015) . This also contributes to solve the present pressing problem of overpopulation by resettling people in such new areas. Yet, such an expansion via wide desert reclaimed land necessitates growing of citrus seedlings in light soils where the citrus nematode (Tylenchulus semipenetrans) is potential limiting factor to citrus growth and production (Duncan, 2005; Abd-Elgawad et al., 2010 , 2016 . Thus, citrus yield is threatened by the nematodes which invade the newly planted area via infected seedlings, organic fertilizers, plant materials, irrigation, and machinery (Abd-Elgawad and McSorley, 2009; Hammam, 2013) . As the citrus seedlings age, the nematode populations develop and reproduce rapidly and consequently progressing increases in citrus yield loss occur. So, orchards incur heavy losses even at their early stages which require tackling the problem collectively and substantially by all stakeholders and from different angles; biologically, chemically, physically or any other dictated form of control (Abd-Elgawad and Askary, 2015).
Although several reports (Timmer and Davis, 1982; Philis, 1989 ; Abd-EIgawad, 1995; Korayem and Hassabo, 2005; Sorribas et al., 2008; Abd-Elgawad et al., 2016) have estimated citrus fruit loss by T. semipenetrans, the short-term response of fruit yield to nematode management may reflect only a portion of yield loss due to the pest. Citrus orchards are long-lived, and we are unaware of reports measuring the long-term effects of nematode parasitism on the size and quality of immature and mature trees in Egypt. Thus, yield responses to nematode management in mature trees may under-represent yield losses if trees are significantly smaller or otherwise debilitated by nematodes at the beginning of research trials (Duncan et al., 1995) . Moreover, control of T. semipenetrans via fumigant and non-fumigant nematicides has produced highly variable responses in fruit yield (Duncan et al., 1995; Duncan, 2005; Sorribas et al., 2008) . Duncan et al. (1995) speculated that the difficulty in measuring the effects of nematodes on the size and quality of mature citrus trees is due to the long period required to establish and conduct such experiments. From the time they are planted, citrus trees may not attain full size for 15-20 years.
In this study, four orchards were selected, based on their previous data indicating various levels of nematode infection (Abd-Elgawad et al., 2011, 2016), as representative of many other, relatively newly established, orchards in Egypt. In each grove, the correlations between pairs of four parameters measuring overall appearance of the sampled trees and T. semipenetrans population density in fibrous roots and soil were determined. Also reported are comparisons of eleven edaphic factors in the 'Navel' orange and 'Baladi' mandarin orchards. Nematode management strategy that should be used in such areas is discussed.
Materials and Methods
In a previous study (Abd-Elgawad et al., 2016), soil and root samples were collected from four citrus groves planted with 'banzaheer' lemon (Citrus aurantifolia), 'Baladi' mandarin (C. reticulata), and 'Navel' orange (C. sinensis) trees, respectively, grafted on sour orange (C. aurantium) rootstock at El-Nubaria district, El-Behera governorate, Egypt (Table 1) . The groves, owned by private sector, were within 20 km of one another. Their soils were originally desert sands which were recently reclaimed by leveling, and mulching virgin soil with fertile, but probably nematode-infested, silty soil from the Nile Valley, to improve the soil quality, before planting possible infested material (Abd-Elgawad and McSorley, 2009). The trees were flood, but if water not enough drip, irrigated, spaced 5×5 m and agricultural practices were carried out as recommended by the national program for improving citrus production (El-Barkoki and Abou-Aziz, 1989). Weed control was always done by hand hoeing. Based on their positive samples for T. semipenetrans in October 2008 (Abd-Elgawad et al., 2011), the same 20 uniform, randomly selected trees were re-sampled in February 2011 at each grove to track the nematode infestation levels of the four orchards (Abd-Elgawad et al., 2016). Citrus nematode counts (or their transformed log 10 ) were expressed as number of second-stage juveniles (J 2 ) and males/ 150 cm 3 soil, or number of females per 1 gm fresh weight of fibrous roots. Densities of T. semipenetrans females, J 2 , and males in each grove were reported elsewhere (Abd-Elgawad et al., 2016) but used herein for investigating their correlations with parameters simultaneously measuring overall appearance of the sampled trees. So, height, vigor, canopy diameter, and trunk circumference of the sampled trees were measured during 2011 sampling. Trees were subjectively rated on a scale 0-4, depending on canopy density, to estimate tree vigor (Duncan et al., 1995) . Computer Minitab program was used to find correlation coefficients and their statistical probability levels (P-values) between pairs of the variables of T. semipenetrans counts in soil, roots/their transformed logarithms, tree height and vigor, canopy diameter, and trunk circumference. From the twenty samples in each of the mandarin and mature orange groves (Abd-Elgawad et al., 2016), the remained soil of 16 random soil samples were selected to measure eleven edaphic factors: soil texture (United States Department of Agriculture classification), soil moisture, soil solution pH (1:2.5, soil: water), electrical conductivity in dS/m (1:1), organic matter (%), Ca CO 3 (%), ammonium and nitrate (NH 4 +NO 3 , as ppm), available potassium (K, as ppm), Calcium (Ca %), Magnesium (Mg%), and phosphorus (P, as ppm). These factors were also measured for the mature orange soil during sampling in 2008 (Abd-Elgawad et al., 2011) but not reported there. Soil samples were analyzed using the methods of USDA (1984) and classified according to Soil Survey Staff (2003) by Soil Research Department, NRC, Egypt and compared using Student's t-tests. 
Results
The average population densities of T. semipenetrans in each of soil (nematode juveniles and males) and fibrous roots (nematode females) published elsewhere (Abd-Elgawad et al., 2016) were used herein to investigate their relationship with the parameters measuring size and overall appearance of the trees in each grove (Tables 2-6 ). These measured parameters that may reflect long-term nematode damage included trunk circumference (range 25-95 cm), canopy diameter (range 1.5-4.6 m), tree height (range 1.2-3.7 m), and vigor ratings (range 1-4) ( Table 2 ). The correlation between pairs of these variables were always positive and generally with high significant levels (Tables 3-6 ). Such parameters were not significantly (P ≤ 0.05) correlated with nematode counts in soil or roots of the mature trees (Tables 3-5 ). With the exception of trunk circumference, the tested parameters were not significantly (P ≤ 0.05) correlated with nematode counts in soil and roots (Table 6 ). Each of the four parameters, measuring tree size and overall appearance, was not significantly (P ≤ 0.05) correlated with fruit yield of the mature trees but each of three parameters was correlated (P ≤ 0.05) with fruit yield of the immature Navel orange (Table 7) . These included canopy diameter and tree height and vigor (correlation coefficients, r, were 0.449, 0.541 and 0.881, respectively).
No differences (P ≤ 0.05) were detected between the two sampling times of October 2008 and February 2011 in mature orange soil, concerning organic matter, electric conductivity, available phosphorus and potassium, calcium carbonate, content of sand, clay or silt, soil texture, and ammonium nitrate (Table 8) . A two-fold difference (P ≤ 0.01) was found in the available calcium (1.22 vs. 0.61%). The soil solution pH and available magnesium significantly (P ≤ 0.01) differed between the two sampling dates of orange (Table 8 ). Both soils were dominated by rough grainy particles of sand. Levels of potassium, calcium, phosphorus, ammonium and nitrate as well as soil solution pH, organic matter content and electric conductivity in the soil samples were significantly (P ≤ 0.01) different between the mandarin and orange orchards in 2011 (Table 8) . 
Discussion
The citrus nematode T. semipenetrans was the most common plant-parasitic nematode in the examined orchards as occurs in other citrus-growing areas worldwide (Duncan, 2005; Abd-Elgawad et al., 2010) . Average numbers of females per gram of fibrous roots in samples from lemon, mandarin and orange (20 and 8-year-old, equivalent to mature and immature orange) orchards were 286, 354, 445 and 69 but were 1279, 3326, 2967 and 210 for J2 and males 150 cm -3 soil, respectively (Abd-Elgawad et al., 2016) . The nematode has been dispersed to new citrus areas mostly by seedlings with infected root and soil, followed by further local spread by unsanitary agricultural practices. These nematode data document previous surveys (e.g. , Mokbel et al., 2006; Abd-Elgawad and McSorley, 2009;  Bakr et al., 2011) and represent a typical paradigm of infested groves in newly reclaimed areas in Egypt. The nematode spread results mainly from the anthropogenic movement of citrus nematodes into newly planted soil through infected citrus seedlings and mulching virgin soil with infested soil from the Nile  Valley (Lehman, 2004; Abd-Elgawad and McSorley, 2009 ). When left without control, the nematode multiplies over time to reach higher and more damaging levels as occurred in older nearby groves (e.g., Abd-Elgawad, 1992) . Yet, the only way to ease the pressure on available water resources is to come out of the Nile valley and Delta to the vast horizons of the desert where the available natural resources can ensure the establishment of stable urban communities.
Each of tree height and vigor, and canopy diameter measured herein was correlated with fruit yield of the immature Navel orange. Such biotic variables are logically affected by the pest albeit unstudied factors interact with the citrus tree and influence the outcomes of the trials. Therefore, prompt measures to apply the citrus nursery certification program in Egypt have recently been emphasized (Abd-Elgawad et al., 2016) . This program requires that non-infested orchards be protected from the introduction of these nematodes from contaminated sources or infested orchards (Inserra et al., 2005) . Other implicated issues such as sampling to certify a site/plant material to be free of citrus nematode, other diseases and species identification (Salama and Abd-Elgawad, 2003; Inserra et al., 2005; Abd-Elgawad et al., 2010) should be considered. The ministry of agriculture should tackle the problem by allocating more funds for sufficient production of certified seedlings, increase number extension personnel knowledgeable enough to advice, assist and guide citrus growers for best nematode management approach, and finally legislating a law to prevent the use of non-certified citrus seedlings. Also, local devices may be used to protect non-infested orchards from the nematode introduction. For example, quicklime, calcium oxide, may be used as quite available and cheap material for the disinfestation; i.e. to clean equipment from soil and root debris before moving between groves to prevent the nematode spread. Nematodecontaminated manure or organic matter should not be added to the soil. Good potassium fertilization and soaking pigeon droppings manure in ferrous sulfate and ammonium sulfate solution before pumping into the irrigation network could suppress phytonematodes in citrus orchards (unpublished data). The limiting factor (Thomason and Caswell, 1987) should be considered. This may include any factor which could generally confound, hide, lessen or otherwise aggravate nematode effect on tree vigor and fruit yield.
The inconsistent relationships between T. semipenetrans population densities and biotic parameters measuring size and overall appearance of the citrus trees reported here (Tables 2-5) and elsewhere (e.g., Duncan et al., 1995; Duncan, 2005 ; Sorribas et al., 2008; Abd-Elgawad et al., 2011 ) may result from one or more of such factors as inadequate pruning, irrigation, fertilization, and/or pest/pathogen management. For example, the available potassium, phosphorus, and nitrogen in the tested groves (Table 8 ) are sometimes less than or near the nutrient threshold level which is 250 ppm, 10 ppm and 40 ppm, respectively (Tisdale et al., 1985) . Apparently, nutrients tend to drain away with the water in both orange and mandarin sand soils and therefore they were generally nutrientpoor. Therefore, adequate fertilization program should be implemented to attain sufficient and balanced nutrition and optimize size and quality of citrus yield in such orchards. Fertilization choices are better guided by soil analysis, and complemented by foliar diagnosis. Egypt is a case in point but such approaches to tackle the nematode problems of citrus apply generally to many developing countries. Although resistant rootstocks to manage T. semipenetrans are also available, their conscious use, if applicable, should be followed since they mostly do not adapt to Egyptian conditions especially soil pH. We suggest also a tactic based on a snapshot of T. semipenetrans sampling and control to mitigate the nematode problem before worsening. Each of the four biotic parameters measuring size and overall appearance of the citrus trees (Table 2) was not significantly (P ≤ 0.05) correlated with numbers of nematodes associated with mature trees in soil or roots (Tables 3-5 ). These agree with Duncan et al. (1995) 's report which gave a good account of relating parameters of tree size and overall appearance to the nematodes. They recorded no differences in canopy diameter, tree height, and vigor between trees supporting high and low T. semipenetrans population levels. The present data partially corroborates (O'Bannon and Tarjan, 1973) 's records that trees planted in soil heavily infested with T. semipenetrans grow more slowly than trees in non-infested soil because our records for each of canopy diameter, tree height, and vigor was significantly correlated with yield, but, of immature trees only (Table 6) . Their records do not support ours for mature trees (Tables 3-5). As a compromise, young trees (approximately 5-10 years old) tend to have greater growth rates in relation to their overall appearance (Wheaton et al., 1999) than old ones and consequently biotic and abiotic factors may have more impact on young than old trees. Therefore, it is likely that variables that reflect long-term damage, i.e. trunk circumference, canopy diameter, tree height, and vigor ratings, are more adversely affected by the nematodes in immature than mature trees. For mature trees, Duncan et al. (1995) speculated that yield was primarily correlated with tree organs subject to continuous renewal in terms of fruit yield, secondary roots and leaves rather than variables that reflect long-term damage. Moreover, depending on the extent of nematode damage such as T. semipenetrans induced potassium deficiency in the leaves, priority of vegetative over reproducing growth may have occurred. Other factors such as periodic pruning of the trees may reduce size differences between these parameters and disrupt their correlation with yield and/or nematode counts.
Our main objective of measuring some edaphic factors (Table 8) in the newly reclaimed areas is to better understand and characterize the nematode problem and help to find out the best solution. For example, the selected nematicide should be compatible with these sandy and alkaline soils. In this respect, the degradation of most post-plant applied nematicides is enhanced at soil pH > 7.0 (Van Gundy and Martin, 1961) . Also, nematicidal application via soil is not favored due to quick leaching in such sandy soil reported herein and because of the potential for groundwater contamination. Thus, the benefit to the tree resulting from foliar treatment with systemic oxamyl is likely more effective than soil treatment with cadusafos. Moreover, oxamyl price is less than half the price of cadusafos. Yet, we must take into account careful oxamyl use especially on high foliage so as not to hurt the eyes. 
